hydrophobic nature 8 . In this paper we report the synthesis and structure of all-cis 1,2,3,4,5,6-hexafluorocyclohexane 1, a cyclohexane that contains a fluorine atom on each carbon and with a stereochemistry that has all of the fluorines on one face of the cyclohexane ring.
Progress towards this goal has been demonstrated for two of the isomers of all-cis tetrafluorocyclohexane, where two diaxial C-F bonds align and that gave rise to crystalline materials with dipole moments of µ ~ 4.9-5.2 D 9,10 . Our goal was to extend to a 1,2,3,4,5,6-hexafluorocyclohexane. There are 9 possible configurational isomers with 15 conformations in total of 1,2,3,4,5,6-hexafluorocyclohexane, if the rings adopt a chair conformation (Fig. 1 ).
The '4 up 2 down' structure (v) was recently prepared and characterised in our lab 11 .
3 29) , which showed all of the oxygen atoms configured cis around the ring. The high symmetry of 3 allowed the fluorines to be introduced in pairs over the next two steps. failed to progress the material to higher fluorinated products. The use of Deoxofluor TM at higher temperature (~120 ˚C) produced only traces of pentafluoroalcohol 7, however, with an insufficient conversion to be viable. Progress required monotriflation (89% yield) to generate 6 and then displacement by fluoride ion using 3HF•Et 3 N at 120˚C. Again microwave assisted heating proved more practical than conventional heating and gave pentafluoroalcohol 7 (39% yield). Stereochemical inversion was again confirmed by X-ray structure analysis (Supplementary Information page 30). Activation of the remaining alcohol moiety, also as a triflate, generated 8. In order to introduce the final fluorine atom, 8 was treated with 3HF•Et 3 N under heated microwave conditions. Not unexpectedly, this reaction was very sluggish, but it gave rise to three new products in addition to unreacted 8. The reaction was followed by 19 F{ 1 H} NMR (Fig 3. ).
Treatment of 3 with Deoxofluor
The major component of the mixture was pentafluoroalcohol 7, which presumably arises from fluorolysis, rather than fluoride ion displacement of the triflyl group. This is an unusual reaction course for a triflate, one of the best leaving groups in organic chemistry and indicates the difficulty in achieving the final substitution reaction. Also a pentafluoro alkene (structure not unambiguously determined) is present, which presumably arose from fluoride ion induced elimination of the triflate. However, analysis of the product mixture by 19 F NMR indicated that the desired cis-hexafluorocyclohexane 1 was present as a minor component and it was isolated after careful chromatography.
Structure analysis. X-ray structure analysis of a suitable crystal of 1 reveals a classic chair conformation for the cyclohexane and as a consequence six alternating axial and equatorial C-F bonds (Fig. 4) . A calculated (M11/6-311G(2d,p)) electrostatic potential surface profile 18,19 illustrates very clearly that 1 is facially polarised ( 
Conclusion
The synthesis of the highest energy, all-cis isomer of 1,2,3,4,5,6-hexafluorocyclohexane 1 demonstrates that it is possible to assemble a molecule with three triaxial C-F bonds as a design feature in a non perfluorous material. Benzene and hexafluorobenzene are known to pack in alternating stacks in the solid state due to the complementary electrostatics of each ring 33, 34 , however, the polarised faces of hexafluorocyclohexane 1 presents a fusion of that arrangement where a single ring has differentially polarised faces. Derivatives of such a fluorinated ring system present a novel design and should impart particular properties when incorporated into higher molecular architectures for applications ranging from organic materials to bioactives or as a single ring with complementary faces for exploration in supramolecular chemistry.
Methods
Microwave-assisted fluorination of 3 with Deoxofluor. Dianhydroinositol 3 (390 mg, 2.7 mmol, 1 eq) was dissolved in a solution of Deoxofluor in THF (50% w/v, 2.58 mL, 6.0 mmol, 2.2 eq) and was heated by microwave irradiation (50 W, temperature ramp 60-100˚C) in a Teflon flask for 20 min. The reaction mixture was cooled to RT and the resulting dark solution was purified directly by silica gel chromatography, eluting with dichloromethane, to afford 4 (376 mg, 94%) as a colourless oil.
Microwave-assisted fluorination with 3HF·Et 3 N. 8 (14.0 mg, 0.04 mmol) was dissolved in triethylamine trihydrofluoride (1 mL) and heated by microwave irradiation (50 W, 120 ˚C) in a Teflon flask for 2 × 2 h. The resulting sticky brown material was reconstituted with ethyl acetate (10 mL) and poured into saturated aqueous sodium hydrogen carbonate solution (20 mL). The layers were separated, and the aqueous phase was re-extracted with ethyl acetate (3 × 10 mL). The combined organic phase was washed with brine (10 mL), dried over . They are shown in ascending order of their ground state chair structures; the lowest energy isomer being i (0.00 kcal mol -1 ). Blue bars denote the lowest energy configurational isomers and red bars indicate the higher energy conformational isomers, when a particular configurational isomer undergoes a ring flip between alternative chair structures. Structures iv, v and viii have a single blue bar which denotes that their corresponding ring flip structures are degenerate (iv, v and viii). The ring flip of v is degenerate, but produces the enatiomeric structure. 
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This structure was determined by transmission electron microscopy after the partial fluorination of graphene with XeF 2 . Exit wave reconstruction (EWR) images suggest fused six membered rings in a chair conformation with the fluorines attached to alternate carbons and only on one face of the graphene. There are no hydrogens in the structure. The idealised structure has rings with three axial C-F bonds and therefore has some analogy with the structure of 1. Image by permission from Nature Commun.
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